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Abstract
Background: An increase in notifications of crypto-
sporidiosis was observed in Victoria between 
March and April 2015. Cases mostly resided in 
one metropolitan region and hypothesis-gener-
ating interviews identified common exposures to 
aquatic facilities. We conducted a case-control 
study to determine exposure source(s) and facilitate 
control measures.
Methods: Laboratory-confirmed cases of crypto-
sporidiosis from the region of interest notified 
between 1 March and 23 April 2015 were included. 
Controls residing in the same region were recruited 
from participants in a population health survey 
and frequency matched (2 per case) by age group. 
Details of exposure to potential risk factors were 
collected using a standardised telephone ques-
tionnaire for the 14-days prior to illness for cases, 
and an analogous exposure period for controls. 
Univariable and multivariable logistic regression 
were used to determine risk factors associated with 
illness using STATA SE 13.1.
Results: Thirty cases and 66 controls were included 
in the study. Half the cases were less than 12 years of 
age and 62% were female. Illness was most strongly 
associated with recreational water exposure at 
any waterpark (adjusted odds ratio (aOR)=73.5; 
95% confidence interval (CI):6.74–802), and spe-
cifically at Victorian waterparks (aOR=45.6; 95% 
CI:5.20–399). Cases were linked with attendance 
at either a waterpark in the region or an adjacent 
region. As a result of this investigation, hyperchlo-
rination was completed at identified facilities and 
swim hygiene information distributed.
Conclusion: This study reinforces the potential for 
recreational water facilities, particularly waterparks, 
to act as a transmission source of Cryptosporidium 
infections. Continued communication to patrons 
is required to ensure healthy swimming practice 
in Victorian aquatic facilities. Commun Dis Intell 
2017;41(2):E141–E149.
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Introduction
Cryptosporidiosis is a gastrointestinal illness 
caused by a species of the parasite Cryptosporidium. 
Cryptosporidium infection manifests as a gastroin-
testinal illness approximately 2 to 14 days (average 
seven days) after exposure. Symptoms commonly 
include watery diarrhoea, often in conjunction 
with abdominal pain, fever, nausea and vomiting. 
Illness is usually mild and self-limiting, but may be 
more severe in children and those who are immu-
nocompromised.1
In Australia, it is mandatory for doctors and 
laboratories to notify Cryptosporidium infections 
to health departments. Cryptosporidiosis is the 3rd 
most commonly notified gastrointestinal infection 
in Australia, with 2,405 cases reported in 2014 
(10.2 cases per 100,000 population).2
A common transmission pathway of Crypto­
sporidium infection is via ingestion of drinking 
and recreational waters contaminated with human 
or animal faeces.3 Cryptosporidium is commonly 
transmitted by the waterborne route as oocysts 
are shed in large numbers in the faeces of infected 
humans or animals, have a low infective dose, can 
remain viable for many months and are highly 
resistant to chlorine disinfection.4,5 An Australian 
review of waterborne outbreaks of gastroenteritis 
between 2001 and 2007 found that 98% (41/42) of 
outbreaks were associated with Cryptosporidium 
contamination in swimming pools.6 A 2015 review 
by Lal et al. of peer reviewed research, outbreak 
reports and surveillance summaries identified 
that risk factors for Cryptosporidium infection in 
Australia include exposure to contaminated public 
swimming pools and contact with other infected 
persons or livestock.7
In March and April 2015, the Victorian 
Department of Health and Human Services 
(DHHS) detected an increase in cases of 
Cryptosporidium infection, particularly in 1 of 
the 3 Melbourne metropolitan regions. Initial 
hypothesis generating interviews with 12 cases 
identified attendance at local swimming pools 
and a waterpark as common exposures.
This case-control study aimed to ascertain risk 
factors to explain the observed increase in crypto-
sporidiosis. Specifically, we sought to identify any 
recreational water exposure sites that may be a 
source of infection, in order to guide control and 
prevention strategies to reduce the incidence of 
Cryptosporidium infections.
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Methods
Epidemiological investigation
We identified cases of cryptosporidiosis from 
the Victorian DHHS communicable disease 
surveillance system. For the case-control study, 
cases were defined as a person with laboratory-
definitive evidence of Cryptosporidium spp. infec-
tion, who resided in the metropolitan region of 
interest whose onset of diarrhoea (defined as 
3 or more loose stools in a 24-hour period) was 
between 17 February and 21 March 2015. Cases 
were excluded from the study if they were unable 
to be contacted after 6 attempts, were unable 
to recall the date of onset of their diarrhoea at 
interview or reported international travel for the 
entire 14 days prior to the onset of their illness. 
Controls who resided in the same region as cases 
were recruited from participants in the DHHS 
annual population health survey.8 Controls were 
recruited after all case interviews had been com-
pleted. Two controls were recruited per case and 
were frequency matched by age group to cases 
(≤5 years, 6–12 years, 13–19 years, 20–29 years, 
30–39  years,  and  40–49  years).  Controls  were 
randomly allocated a 14-day exposure period, 
analogous to the exposure date range for all 
cases. Controls were excluded from interview if 
they had a gastrointestinal illness during their 
exposure period or reported international travel 
for the entire exposure period.
A standardised telephone questionnaire was 
developed and used to collect exposure informa-
tion on potential risk factors for Cryptosporidium 
infection in the 14 days prior to the case’s illness, or 
the assigned 14-day exposure period for controls, 
with reference to a calendar to aid recall. The 
risk factor information included person-to-person 
contact (household, childcare or high-risk occupa-
tions), drinking water sources, contact with pets, 
farm animals and manure and consumption of 
unpasteurised milk or milk products. Specific 
recreational water exposures explored were: public 
or private swimming pools; waterparks; public or 
private spas; home paddling pools; or any natural 
bodies of water. In addition, the questionnaire 
sought clinical information for cases. If the case 
or control was under 18 years of age, the parent, 
guardian or another person in the household most 
familiar with their routine was interviewed.
Univariable and multivariable regression analyses 
were used to determine risk factors significantly 
associated with illness after accounting for col-
linearity in exposure classification, with the 
strength of an association assessed by estimating 
age-adjusted Mantel-Haenszel odds ratios, 95% 
confidence intervals and 2-sided Fisher’s exact 
probabilities. Statistical tests for associations were 
determined to be significant when P < 0.05. All 
data cleaning and analysis were completed using 
STATA/SE 13.1 (StataCorp, Texas, USA). In 
order to focus our analysis to identify unknown 
primary risk factors for illness, due to the high 
transmissibility of cryptosporidiosis and the ease 
of person-to-person spread within a household, we 
deemed a secondary case to be any case who had a 
household member who was also a confirmed case 
in this study but had an earlier onset date of more 
than 1 incubation period. These secondary cases 
were excluded from any further risk factor analysis.
This study was conducted as a Public Health 
Investigation under Section 188 of the Victorian 
Public Health and Wellbeing Act 2008, and approval 
from a Human Research Ethics Committee 
(HREC) was not required. Contact with the 
control bank was encompassed by DHHS HREC 
approval of the population health survey in which 
they initially participated. Verbal consent was 
obtained prior to each interview, and if the case or 
control was under 18 years of age the consent of 
their parent or guardian was sought.
Environmental investigation
Public aquatic facilities are regulated in Victoria 
by the Public Health and Wellbeing Act 2008 and 
the Public Health and Wellbeing Regulations 2009. 
An aquatic facility outbreak was defined when 2 or 
more cases of cryptosporidiosis had swum at the 
same facility during their exposure period and case 
onset dates were less than 28 days apart. When 
linked cases were identified, facility information 
was referred to the DHHS Water Program and to 
local government environmental health officers for 
investigation and control activities. Control activi-
ties were guided by the DHHS Cryptosporidiosis 
Prevention and Outbreak Response Plan9 and 
the Pool Operators’ Handbook.10 To ensure any 
Cryptosporidium oocysts present in the aquatic 
facility were inactivated, hyperchlorination was 
requested.11 Water sampling is not incorporated in 
Victoria’s outbreak protocol and response plan due 
to measurement challenges associated with detec-
tion of Cryptosporidium oocysts, which are often in 
low abundance in the aquatic environment.12
Results
Epidemiological investigation
Descriptive epidemiology
There were 70 notifications of cryptosporidiosis 
from the region of interest received in the period 
1 March to 23 April 2015, which was higher 
than the 5-year average (2010–2014) for the same 
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period (55 notifications). Thirty-nine interviews 
were completed. Case exclusion was due to: non-
contact (n=10); privacy reasons (n=11); refusal 
to participate (n=3); and inability to recall onset 
date (n=7). An additional 9 cases were excluded 
post interview as they either had an onset date 
after 21 March 2015 or were identified as sec-
ondary cases. Thirty cases and 66 controls were 
recruited. There were several peaks of onset of 
illness for included cases between 17 February 
and 21 March 2015, indicating the potential 
for multiple sources of infection (Figure). The 
median duration of diarrhoea for 27 of 30 cases 
was 13 days (range: 3–31 days); 3 cases still had 
diarrhoea at the time of interview. Two children 
under 8 years of age were hospitalised as a result 
of their illness. Other than diarrhoea, the most 
commonly described symptoms for cases were 
abdominal pain (88.2%), lethargy (82.4%) and 
nausea (76.5%). The age group and sex distribu-
tion of cases and controls are included in Table 1. 
The median age of cases was 20 years (range: 
2–44  years), with 47% of  cases  aged 12  years  or 
younger. Among adults, cases were predomi-
nantly  aged  30–39  years.  Approximately  two-
thirds (62%) of cases and controls were female.
Analytical epidemiology
Of the risk factors for Cryptosporidium infection 
that were explored, illness was significantly associ-
ated with recreational water exposure, specifically 
among those who reported swimming or paddling 
at a waterpark, and also with prior contact with 
a household member with a (non-specified) gas-
trointestinal illness (Table 2). Recreational water 
exposure in a public or private spa was also signifi-
cantly associated with illness, although only 13% 
(4/30) of cases reported this exposure. There was 
no association between illness and recreational 
water exposure at public or private swimming 
pools, paddling pools or natural bodies of water. 
Consumption of bottled water was also identified 
as a risk factor for illness.
None of the other food based or animal contact 
risk factors examined were significantly associated 
with illness.
In multivariable analysis exposure at a waterpark 
or a public or private spa remained associated with 
illness, after adjusting for bottled water consump-
tion and ill household contacts (Table 2). Bottled 
water consumption remained associated with 
illness in multivariable models, as did person-to-
person transmission through household contacts 
with prior diarrhoeal illness.
Environmental investigation
Under DHHS criteria, 2 Victorian outdoor 
waterparks were implicated as exposure sites 
for 9 of the 11 cases in the current study who 
indicated they swam at a waterpark. Park A was 
located within the region (4 linked cases) and 
Park B in an adjacent region (5 linked cases). 
An additional 5 cases were identified as having 
attended Park A in the same period as included 
cases; however, these were excluded from the 
study analysis as they were either unable to 
recall the onset date (n=3) or resided outside of 
the region of interest (n=2). All cases reported 
waterpark attendance in their exposure period. 
More specifically, attendance was focused dur-
ing a single weekend period in February 2015 
at each of the 2 facilities: either 14–15 February 
(Park A) or 21–22 February (Park B).
Table 1: Age group and sex distribution of cases and controls in a study of cryptosporidiosis in a 
metropolitan region of Melbourne, February and March 2015
Age group (years) Sex
5 or under 6 to 12 13 to 19 20 to 29 30 to 39 40 to 49 Total (% female)
Cases 6 8 1 6 6 3 30 62
Controls 14 20 2 9 14 7 66 64
Figure: Primary outbreak cases of 
Cryptosporidium infection by date of diarrhoea 
onset (n = 30)
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Local government environmental health staff 
liaised with the facility manager at Park A and 
identified deficient filtration systems in sev-
eral pools, including a shallow play area with 
water fountains, splash slides and spray areas. 
Hyperchlorination11 of all pools at the Park A 
was conducted to inactivate any Cryptosporidium 
oocysts present in the water, during which time 
the park was closed to patrons. The local gov-
ernment environment health unit in the region 
where Park B was located had been advised by 
members of the public and other council staff 
of anecdotal cases of gastrointestinal illness in 
large groups following attendance over a single 
weekend. As a result, Park B undertook voluntary 
hyperchlorination prior to DHHS identifying 
that notified cases were linked to this facility. In 
addition, DHHS also provided information to 
staff at both facilities for distribution to patrons 
about preventative healthy swimming practices, 
including diarrhoea exclusion periods, personal 
swim hygiene, use of designated nappy change 
areas, and avoiding swallowing pool water.13
Discussion
The increase in cryptosporidiosis notifications 
observed in an urban region of Melbourne, 
Victoria, in February and March 2015 was 
strongly associated with recreational water 
exposure, specifically at waterparks. In addition, 
cases were temporally linked with attendance at 
2 waterpark facilities, one of which had evidence 
of deficiencies in water quality maintenance. This 
investigation resulted in the execution of immedi-
ate control activities at these sites. Internationally, 
outbreaks of cryptosporidiosis associated with 
water or splash parks have been reported in the 
United States of America,14–17 Canada18 and the 
United Kingdom.19 Our investigation highlights 
that waterparks also require specific attention for 
the prevention of cryptosporidiosis outbreaks in 
Australia.
Cryptosporidium are well suited to transmission 
in recreational water, and outbreaks can occur in 
aquatic facilities even if they are well maintained, 
as swimmers can be exposed to Cryptosporidium 
oocysts during the time it takes for water to be dis-
infected or filtered.20 As such, control of transmis-
sion relies on both good swimmer hygiene to pre-
vent the introduction of oocysts into recreational 
waters, and effective pool engineering controls for 
water filtration and treatment.
The design and nature of use of waterparks, which 
can differ from standard pool facilities, raise unique 
considerations for directing prevention and control 
activities. Waterparks, including those identified 
in the current investigation, typically include water 
play areas such as splash zones, fountains and 
shallow wading pools: features which have been 
suggested to contribute to the transmission of infec-
tion in other studies. While splash activities may 
lead to increased swallowing of water,16 increased 
use of shallow pools by children wearing nappies,4 
sitting on splash features15,17 and accidental faecal 
release incidents14 are also suggested to contribute 
to Cryptosporidium infection in toddler pools at 
waterparks. Although pools frequented by toddlers 
are the most plausible source of contamination, 
a specific wading pool or splash activity was not 
implicated at either facility in this study.
Responding to an increased number of waterpark-
related outbreaks, the Centers for Disease Control 
and Prevention (CDC) in the United States of 
America identified that specific patron messaging 
needed to be designed for water play and interac-
tive areas, to prevent contamination and reduce 
potential for transmission.21 It is recommended 
that similar messaging be developed for use in 
Australia in addition to existing healthy swim-
ming advice.13
Outdoor shallow toddler pools and splash pools 
present at waterparks inherit special problems 
associated with their engineering and mainte-
nance. In addition to contamination challenges in 
toddler pools outlined above, outdoor pool water 
quality can be compromised through chlorine 
degradation by UV light and their potential to be 
polluted by other foreign matter that blows into 
them.10 Waterparks can be popular destinations in 
peak periods. Evidence from this study and other 
investigations18,22 suggests that individuals often 
travel a greater distance to attend these specialised 
recreational water facilities. As such, high bather 
densities can further challenge pool maintenance, 
especially in shallow toddler pools or splash pools 
where bather pollution can be high for the amount 
of water involved.10
It has been highlighted elsewhere15 that water-
park operators cannot solely rely on filtration 
and chlorine disinfection to protect patrons 
from Cryptosporidium. In alignment with other 
advice, in order to minimise transmission of 
Cryptosporidium infection, we also recommend 
that separate maintenance systems should be 
applied to pools with high infant bather loads.10,14 
These may encompass the use of separate back-
wash and filtration systems, regular filter main-
tenance and hyperchlorination procedures, and 
more frequent pool content circulation.
In this study, almost half of the cases were aged 
12 years or younger and another third were adults 
aged 30–39 years. This pattern  is consistent with 
the bimodal age distribution of Cryptosporidium 
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notification rates in Victoria observed between 
2001 and 2009.23 While children are suggested 
to be more susceptible to parasitic infections,20,24 
other researchers have noted that this distribution 
may also reflect notification bias, with medi-
cal care more likely to be sought for children.25 
Additionally, increased swallowing of water when 
swimming or playing in shallow pool areas and 
splash zones (such as those identified in the impli-
cated waterparks) may mean that children have a 
greater risk of being infected.16,20,25
Interestingly, after adjusting for other confounding 
factors, consumption of bottled water remained 
significantly associated with illness. This finding 
is in contrast to those of a study of a large state-
wide outbreak of cryptosporidiosis in New South 
Wales in 1997 to 1998, which found that cases were 
less likely to report drinking bottled water.26 It is 
feasible that bottled water is a potential source of 
cryptosporidiosis as other international studies 
have identified Cryptosporidium oocysts in com-
mercially bottled water27,28 and a case-control study 
conducted in South Australia in 1993 identified 
consumption of bottled spring water as risk factor 
for illness.29
In the current study, information wasn’t specifi-
cally collected on brands or amounts of bottled 
water drunk by cases and controls to enable further 
examination of this association. Furthermore, the 
association of illness with bottled water consump-
tion in this study may have limited plausibility 
given that we know from the department’s recent 
food frequency survey (Marion Easton, personal 
communication) that around 33% of Victorians 
surveyed, regardless of the time of year, drank 
bottled water. It is likely then, that if there was a 
true association between drinking bottled water 
with illness it would have been expected that the 
impact of this would have been observed Victoria-
wide, rather than limited to a specific region. It is 
also possible that this association may be a result 
of uncontrolled confounding, as several studies 
have described sociodemographic factors that are 
associated with bottled water use through their 
influence on consumer perception of water risk 
and quality.30
To a lesser extent, the odds of illness were also 
increased among those cases who used public 
or private spas and person-to-person transmis-
sion in a household environment. Although not 
significantly associated with the rise in cases 
in the region, interviews with cases also high-
lighted the diversity of risk factors associated 
with sporadic Cryptosporidium infection, which 
otherwise contributed to background rates in 
this region and would have also been captured 
in the study population.
These findings need to be considered within the 
limitations of this study. As controls were not 
contacted until after all cases were interviewed, 
and were asked about activities over a similar time 
period as cases, this may have resulted in a system-
atic difference in recall in controls. Furthermore, 
case exclusions may have meant that not all risk 
factors for cryptosporidiosis were fully elucidated. 
Outbreaks of cryptosporidiosis can be difficult 
to identify, as it can often be a mild, self-limiting 
illness for which medical attention is not sought.1 
Despite strong epidemiological evidence, this study 
did not include a microbiological investigation for 
evidence of water contamination at the implicated 
facilities. It may be that species identification and 
molecular sub-typing of Cryptosporidium may have 
strengthened links between cases and exposure 
sites and also provided further evidence for the 
diversity of sources of infection; however, a number 
of studies exist that provide a rich body of evidence 
in this area.31–34
While sub-typing may have assisted in the 
attribution of causality, Cryptosporidium species 
differentiation is not routinely performed in 
Australian diagnostic laboratories35 and cannot 
currently be used for retrospective public health 
investigations in Victoria. An enhanced environ-
mental investigation at each facility may have 
served to understand individual and overall pool 
treatment and backwash systems and identify 
specific deficits in these, as well as the incidence 
and management of faecal incidents.
Conclusion
This study has shown that recreational water 
facilities, including waterparks, remain high risk 
sites for the acquisition of Cryptosporidium infec-
tion. This assertion is further strengthened by 
the identification of cases linked to attendance at 
2 separate waterparks during this investigation. 
The maintenance of water quality at aquatic facili-
ties requires vigilance by both operators and the 
public. This study is an important reminder of 
the need for preventive risk management through 
healthy swimming practices and ensuring the 
adequate performance of treatment processes 
within aquatic facilities. Specific recommenda-
tions include the development of healthy splash 
advice specific for waterpark patrons, and the use 
of separate backwash and filtration systems for 
high risk pools and activities.
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